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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a ZnO semiconductor 
light emitting device of MgxZn1-xO oxide (0<x<1) whose active 
layer can be surely formed with high quality and furthermore a 
blue light emitting device. 

SOLUTION: In a double-hetero light emitting layer unit 10, a 
ZnO semiconductor active layer 4 is formed of ZnO 
semiconductor which contains ZnO as a main component 
including Se or Te, by which Se or Te of the same family can be 
introduced into oxygen-deficient sites in ZnO crystal in a 
process of forming the active layer 4. and the active layer 4 can 
be improved in crystallinity. When Te or Se is introduced, light 
emitted from the active layer 4 is shifted to be longer in 
wavelength than an active layer formed of ZnO whose band gap 
energy is located on the side of light shorter in wavelength than 
blue light, which can be contributed to the realization of a blue 
light emitting device of high luminous efficiency. 
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(54) [^no^lit] ZnO»¥^m4^fSI{^ 



(57) 

[US] Mg^ Zni _ ^ OSffi-fbf^ (OSxS 1) 
J: 0 ^ I. Z n OI^^#:|BtiR-?Ci3V . SttJl Sr« 

Zn05^i|^f*c?Sftii4€:. S e t L < fiT e Sr-if 
trZnO&±f*:i: LJtZnO^^frJ; OJ^^-TS^t 
-C, aSS4<7)B^StCi3{t^ Z n O^^OKSX* 
Lit-^-'f h (c|ilfilt:'*>S S e t L < {±T e Sr^A-f S ^ 

ZnOJ:0»SttJi^je^L^cJ^(cJt'<.T. «14JS4J: 



(a) 



|>«M s Z n OlfflMtMJi 5 



nSMs Z nOSKHMJI S 



(b) 



MS? 
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L. V imJtmt:Ot. SGtfmTebLf.ll I -V 

{i. Mg^ zni _^ o (Jtitx. osxsi) mm^t 

mJ: 0 m^^iT 'SrSC: k S-^at-TS Z n om*^^ 
[iS*«2 1 friBSttJiti. Z nO± OJ^figS^^.?.* 

<offii^B-cs>s c: t ^mkt-rhm^m2imcoz n o 

T^S C k $:#mk-rS»*« 1 ie«cOZ n 0^#f!|c 
[000 1] 

!^tC«fe3te<05%3l£tCjSL/v:ZnO^^f<s|^ 
(00021 

A 1 Ga I nN»«f45:fflV^/c «-&SBte«^*^'»SL 
TV^S. L*^L^:3&J^. A 1 Ga I nNi^WmitKW 
SiJ'^^r^ST'S) S G a k I n t ^ ^ . 3 

1 Ga I nNlS*tm:«'M3fcV^T, ^^Mg« Z n 

1 _ ^ O (O^xgl : #{:MgZnOi:iie-r 

Jl« l-168 2 62-^^fS) tU<ii. -9- 

^r-fra^l::. MgZ nO^K-fb^^J^^T^nxt::?' 
^fv-v;l^«:ft§-li:/c^«^ (!tfm20 0 1-44 5 0 

^ I, M g z n osB!€!i^{i:. m^mm-wi^-^. wm 
L E D 3^ s V t'<^m3)m^ 

[0003] 

mm^mmLi 0 k-rsigs] ±idM g, z n 1 _ ^ 
0(0^x^1) smimn±. z no (s^iisis) tc*f 

m.n. ^3^*<oiBi±$ria-§. ^ci^tc m g z n ommc 



S&St:j:'5Stl$*l.«;il[*-^>. vSttStiZnOJiOW 
^^1XX\^h. MgZnOSS^t?^lJ;'9 
«^$iX^Zn0^g|f4cSg3tlg^c7)gjt{i, MOVP 
E (Metal Organic Vapour Phase Epitaxy) SiLL.<ti 
MBB (Molecular Bean Epitaxy) ^afif^\^t:>tli>ifi^ 

^cn^m^hzax^x M g z n ommm(^^xw3^ 

m^X'h^fz^l.z. Z nO J; 0^r-l.vg1±«iO^^Bl4(aT 

[0004] ^^^^<r>Wmi. M g^ Z n 1 _ ^ OSK 
^ttlJ: 0=5:1. Zn09^^{*:^*^tct3V^-C, vS14ii 

[0005] 

mm^mm-hfz)f>(7)^ma/wm ■ ismm 
iwE^Mi. I imim^zntv. vimnm 

SrO k . S e t.tzltT ebLfzl I -V I ;K-fb^^ 
«£ i ^JB^^tl. WS. frie^' 5 y YMii. M g , Z n 

1 - . o (7t:^iL. 0 ^xs 1 ) mmmii r>mwL^fi 
[ooo6]Mgzn om^^x ^y^h-f^v^iv^y-u 

m.ZnO^^^Wtm^i,zi5\^X. ZnOi:0vStt« 
€:««L/c«^. Z n Ocr>f<y H^a- y rx^.;l.df-*J 
3 . 2 5 e VX'h^tzih, mt&,i.^mzT&\\h<r>f^x 
-eci-C, »fe5&3t(::3®L/^>'^'i^^'dfA••yrx:^v;^df 
~b-thfzibi,z\,t. z nO'^'&m'^znLX^-ma^ma 
t , ^M%Jt6{45r?^« ^"thtK Z n O J: 0 ^ F ^A- 
.y rx^/P^-<OffiV^Z n OS-±«Jk^SSa^E-&!|*l# 

[0007] ^mmm<^m^%^^nhfzit>i.zit. s 

^"^h-imifihh. ZnO^^^hLfzZnOJh^W 
i'J^SrSvSttWco^^tt^rSS^^f^^ci^tcJi. MOV 
PEfttt<MBE^{C-C, ZnO^^#:^Xtf:J'Jf 

V^MCJfp^J-r^T&^^^'^Sk^S. ia2Ji. MgZnOM 

mim<7im^im^^^i><r>x\ \^h^h^)vy^m 
-nrnzmdiid^zm^^fih. ^m>(^ytfi!f:MLx^ 

[0 008] t*>L^*i^>*:^HJtCi5V^-C«i, vSttJi 
I IS^7C3R$:Zn (SIS) k t. VIS|7C«S'0 
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(K^) fc, Se (-fel^y) ttzUTe (t^/WU) tL 

tell -VI mt-^^f^ (±fBz n o^^^m <t 
'om^^tih<7>T. wmxmLtc^^ hizmmx-h^. 

X^tlfz S e 1 1 < JiT e Tb^^f^imt LXm\-^fz^ 
{i, Zn-Se*ttL<«4. Z n-Te^t3!)*Z nO i 0 
^m{4lc^Mt)Pffi$-?^J^-ri. t^z. ^ti^ (^X\ Z 

[ 0 0 0 9 1 , 3|s:56BBcOZ n O^mMuX ^IBWL^ 
Sei,L<{4Tei&>'^^?%i:LTt:i±'3:<. ZnOSe 
ZnOSe^^Bfeit^ZnOTefe^afctl::, Zn 

n - T e itO^i^RaS*** 0 . ^<7)^J^X'^;msmcr> 
l^±iimtt^:ibiZ^^tli. ZnOSefe^Bt>L<{4 
Z n O T e ^H^B*-'mt- S ^ ^' V h' S: t -frS 

[00 1 0] ±lEL/::Se<>t<J±TeS:-^tfZnO» 

^ -/TX^^/l-df-tfO^^&^rM Zni - ^O (OSx 

g 1 ) mmtmx <om^^tih^y -y vrnx-m^^^tsm 

l,ZX^mM<^:ff>\^'^'rx:immii^^. Mg^Zn 
1 _ X O (O^xSl ) MS?-ft;l!!!l{4, MgO?M^itxc7) 

ij±^<^j:^. ^cofzub. MgOiiSJfcx*«:^#<^S 

t , ^ 7 -y m^zwh^^-r V TWi^ K -r-r ^ z t *>' 

H^t ^ 0 , Z n 0*V b'-7°?' n mX'$) h fzib 

iz^ pm^^vr^v-y°-tti^i^h^pM^^-y¥ 

i a Z n O J: 0 V N> H ^-v y rx:f ;W^(=^-7!p'{£v ^ . S 
e t L < {4T e ^-^tf Z n 0^^#: J: OvSttSJiJ^* 
Stl-ScOT', :^'7 yHJlS:, ZnOi, L<{4MgOM^a 
JtxS:ffi<ftJt7'cMg^ Zni _ ^ OS^^t^J; Ott^ 

u rs:^ H-r^i. vi t ^-^m^z-tt t i: t fc. 

[00 111 ^SttJi*«ZnOSei^at L<{±ZnOT 

e^S^At^^r-I.J*-^, ZnOSe^fat t<{4ZnOT 
efefati, OtC^ft-r-S-Se, Te«OJt**>':^# <^St 

X\ ^SttJilct3{tl.^Jfe*ti:@<t'i.vli:t::*l>. * 
fe?BttjSt/S>'N'>'H^^-yrx;t.;Wdr'-{4. 2. 5 2 
~3 . 1 5 e V<r>^mX'h 0 . mUf. Z n O S e 



tCiSft'g.OtSeCDit^Sre 1 : 3 9tc:. ZnOTe^ 
B^Hlc:*3{t'I.Of:Te<?)ib*S:81 : 1 9(c-tSC:fC. 

-3. 1 5eVt-tl.C:i:*^"C'#'l.« ZnOc^^N'yh'^ 
.■/rx:^;l/=3f-{±s 3. 2^5 &VX'hh(r>X\ W&M 

nOiO^^-yh'S^^BK-rs^is^i^tgis^S:!.. 
idtc. ZnOJ:0:?7'y H«5r«fi!c-rSC:i:T\ ^'7 
•yh-Jit5j:tXvSttS$-ZnO±*i:-f-«>C:i:**'C#. S 

T'{4^:<, ^^^rMg^fieffl-r.&::i:*^''S:<=5r'9 3Xh 

C 0 0 1 2 ] t^^. ±MLtz'^^<^^^i^^. 
m^n^-ft Z ri O S e ^H^Hi> L < {±Z n OT e m^iZ 
tSttS. OtCitri>Se, Te«0ifc*2:ia»-rSfC. 

i.zmLtzJ'^y K^'-v 'y rx^f^/i'^-fc-rsc: t fBrtgf 
hh. z<r>m^. mitmizi3{f6J<yv^'^-/y°3i^-fU 

^-(4 . ^-^^Iizm LtzJ ^y¥^^r 'y rx 
ib^h$ < ^■5<0-C, ^ 5 KJi{±Z nOX OflBK^S 

[0013] act^^BHcOZ n 0^^#:^7t«^ 
(t'l.?SttB«. ZnOiOJ^^SttSiSft't::. ZnS 

'^WLLx^j:^^mmmt^ti^zi:^wmb-t^. 

[00 14] ZnO^^^#:&xf rJ'dri^^^V-^^S-li: 

x-immimmt^'^. ^<r>^^Bmissmxm^^^tHz 
nt^Mzmmt. mmxmLfz^-( hi,zmmx'$>hs 

e t L < {4T e ^mX-tt t -C. 

i)^-omtmizt5ifi,^m^imm^mi,z'^y 

h-th^mz-:>\-^X±sd.Lti. ±ieStt«tt, ^Ji.{f, 
S e t L<«4Te ^-^tfZ n05^i|^«sA D^SrS^^i: 

L-Cti. vS14Ji$rZnO±Dm^ix^±S4'tc, Mx. 
{f , lij-^m:ilTiO«^fST\ Z n S e t L< 

{4ZnTe*iaiJJii: LTcfrJf §iX3t^ii«Jti: LTJ^^ 

tT^Ht, sei,L<i±Te^mmifi^i>zmmt$-t 

h:LhiMmt^j:h(r>X\ mmX^l^fz-^^ htcsefc 
L < J4T e Sr^A$-frS^»*2:— Jl^l:-r S ^1 1 **-C 

jBasi;i4at-.?>zntco^-^ttA<ftj64 

tl. Zn — Se^?tt L<{4Zn-TeMcOJ^^. iitti 
Z n O S e L- < {iZ n OT e m^cr>m^^tl^ 
hb ^>fL«. i i: K^rS . ^ . l!3giOX«^f ^ b (^^A 
^ivf. ZnSe tt<{4ZnTefcl^of^m^B^Bffl 

k Lfzm-^, s e i t < <4T e t<mmxm^^ h i,zmK 
^ix-r. ^imt Lxvua-rt^it^mi-ri'^tifix 
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[0015] ±tiLf^^iim'^izirmtti,sfm(om^ 

m\tm^m^-t^ Z n O S e ^B^at LKiiZnOTem 
^SBt^WS^i^K:, SetL<{iTeS-3|;A-ri.^i: 

[00 16] 

COX'h^. mi (a) l,Z^-tXdl,Z. «Sl±t:, Zn 
0>'^'•y7TS2. nMMgZ nOS®-fti!t5!J«3> ZnO 
i^^f<s?SttJi4 , $/s>tc:pSMgZnOSig-ft;%«5 

ns, zno^ifii»f*^stt« (OT, mz^immti^si 

lai (a) ICiiUT, vS1t«4{±#«i:L-C«^$ 
ixS5&». 01 (b) {i, vSttii4S:. ZnO±Jl64' 

ZnSett<{SZnTe J:0^r-SiiJ«7*^\ vStt 

m4co-^maT<Dmm^vmmmizi(Yw^tifz^m 

[0 0 1 7] Hi (a) IZTik-rXoiZ. vStt;i4 5r, S 
e t L < (ST e S- #tf Z n O J; 0 -S. C: i: 

T\ K3g^ML?t-9->f hl,zmmX'$>^ S e t L<<4Te 

^mx-t^zti)^-simt^<o. i^LfzXdizmitmA 

%^%%^zm\^fz{><r>)i'th^hif^-x:%h. t.tz. Hi 
(b) C^-TidtC. ZnO±Ji6tf»C. ZnSetL 

<{4z nTe i ^tchwmi ^mmnzim'^^fz^m 

g!<0Znfc«i^^tt5:^i6SC:i:*iT'#*. HI (b) 
IJii 7<50?g^M^*^' 1 i; ^§ j: 5 tcHS^^tLT v-»S 
tK S e t L < «4T e h {.zmX^ixt^- 

mmt Lxmm't^co^mmrhr.zMz. wimmt: i j: 
*)A^^<Lxi>x\f\ tf^. mm7(0i&^SLii. 
■tmmiA iztstf^mM^iz-^h-^xm^m^^ti 

[00 18] muztiifhrnmitLx. mimss. m 

-ft;T;l/5-->A. m^t^ffU^J*, m^t-^^^^-i^^J^. 3. 

y. m^t^o^A. -(y'jr/j^ • xx«-&B!^t%*)Sv> 
ii:ffy xm^mmx'^ tfc. ^^m^zmzim^j:^ 

««Offl«i:UT<±, mTOJ:d^tc^T'^)S. MgZn 



-fi: t i>(-, ItT^B^B^lS^ia^Jt^CM ( (000 1 ) 

\^x\m^'Siffim^j:^mm o^^hix^^x-h 

^cr>xotcm.imM.m^^mLtLxmuia=jy-f 

M.mm&^^-thmimifiM . ^<n^hf,zmmi^j:m 

[00 19] mil>Z}Hf^ZnO^<'yyrm2cr)m^ 
TtiV^*^ ZnS. ZnSe^fcJ±ZnTe<?53t>— 
H»TT'^«ifi|-rS ^ 1: TZ n 0>'N*«y 7 r JS 2 fc -r S i 

ti>-^mx'h^. 

[0020] tfi:. HlfcrfcttSnMMgZnOMl!^: 

?*l«2 (Ji[T, #t:nfflMgZnO®2i:tfa-f--S) 
{4. nMK-VNVhi: LTB, A 1 , Ga. I niOlS 
X{42ajJi±*%*$*li., I I I|^7C3g-CS>I.B, A 
U Ga, I n{4, I I g|7C«T'&4Mg. ZnjisgSr 

^. nSMgZnOJ12c0^ai4$r#ji:t, Z nTcS^T) 
^Jr:^^^c:ifiv^Ga$■. nSb'->'N'i^hi: LTSS?-r 

[oo2i]fifc^r. pMMsznommimms (a 

T. #(CpMMgZnOJl5i:tie^a) tC»±. pSK 

— vtybi: tTL i , Na, Cu, N, P, As. A 
1, Ga, I nC7)l«X{i:2«m±*^'^*$ii-l., I Si 
TiMX-h^l^i. Na{4, I I:K7C*T'^)-SMg, Zn 
-9--f h&«^L, V:K7C«-CS)SN, P. As {4. VI 
:^T-S> 1.0-9-^ h^Sm-r-^.! i: l^ct pS^a- UT?: 
Y-h'yi>'-t^:it^^mx'h^ . CuO{4, yyh'- 
ty^Tpffl^ftrfci.<7)r. cu?:F-b-y:?^Lc 
uo^^-t^ztizx'o, cuiipmY-y^yhtL 

Xmmt^ZtiZ^j:^. tfc. A\ . Ga., In, Li 

mmi>zn^zt^-x^h, $^>tc, pSMgznogs 

(om^i^^LX. Zni>t<«07C«tc:-f^y^ 
*<iffV%Ni:, Ga. A 1 &t/f I n<7)— «X{4 2«]iLh, 
mzGat S-j^-r S C i: ifiUmXlh h . 
[ 0 0 2 2 ] Hi ( a ) lc:^-r#e«0Xb-:5'dr>'^;U^ 
*{4, MOVPEmi>L<imEmiZX^M:^-^hlt. 

mtrnt t^^mymm.-9tmh<mij'S:wmt -rammer) 

m&^M^Mi^t-t?>MOMBE (Metal Organic Mole 
cular Beam Epitaxy) , ^mTtM^^U^Mt^k t^f^ 
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^b*— AXf^J'^v' (CBE (Chemical Beam Epitax 
y) ) ^rWbttLXist!, 

[ 0 0 2 3 1 H 1 ( b ) iZTp-tZ n 0±«6{i. ±Ut 
iHi^cox t ^ df- 5^ A';u^«a(cr t ^ 

^ejg*s$> S Z n S e t L < (i Z n T e J: 0 =6rSIiJJB 7 

{±, Ale (Atomic Layer Epii^xy) mzX'O, S"JB7 

ti. mikm:^^(^^iMimm-t6zbT. mmK^aam 

1 J: 0 < -r -1. ^ t « 
10 0 2 41 ^m(0±m.mb t-CtiiJcOi^^rtcoSr^ 

bi)K m^^^m^mbcoim<oKi$iim\-t^mj^ 

{CtSV^ratLVV :a«cfitJt:(A, Nj O. NO. N 
O2 , CO^&i:, :mimmXi±. N2 O (ffiil>fbS 

SeM^:^ ■■ H2 Se^fc'. 
Tej®;<fX : H2 Te^i:. 

• Z niS (^a^^llS) ;<fX : ^/l^ffiTi ( D M Z 
n) i^x.^fi^mi (DEZn) ^SrJ:, 

jV-^yy^iy-^K (CP2 Mg) ^i:'. 
[0 0 2 5] pffiK-^'N'ybfcL-C. A I. Ga2SLl/I 

m.Y-)^vvb\^xmik'^^h:Lbifx%h. Y-f^v 

• A 1 m.iiy^ : h U^^;UT;PS-'!?A (TMA 1 ) 
hUxf-;PT/l^5^'>A (TEAl ) ^rif ; 

• G a^Uii:^ ; V y U -^A ( TMGa ) h U 
Xf-;l/;?;/"iJi^A (TEG a) ^rif ; 

• I nilS^X ; b 'J^f-;W >v^'>A ( TM I n ) h 
\}:z.^}V^V'J^J^ (TE I n) !5:if. 
pSh'-yNVbt LT^^TC* (Ga) ttiilCN^^fig 
fflStlSJ^, pMMgZnO«£7)^ffl^;fttrff^dlS 

Njii:^|.S5*?r GaiSi:^«.^^S;«f^t i: t> 

btth. 

[00 2 6] nSH->'N°ybi: LT. Al. GaS.l^'I 

n <7) 1 axfi 2 mxiL^m^-th i 1 j: o n 

[0027]MgZn OMl^^t^lHiX^UH^^-CcOM 

m(^\Znmbt!:hm\i^hh > ^Z.X. 01fcfc(t-l.n 
SM g Z n OJl 3 m^Rtl^ LTti^XaSrStfiiWtC 

4St;fpfflMgZ nO«55rBgft-ri.^-&J; 0 



H^^jSrWi. («^;i{f 1 0 t o r r^b^t^ ) Cl 

bifimrQhh. tt:. |3ll^^^na^'-^^•y^^?|iA•r 

i]^-tfyy't^zbi,'^mx'h^. $)Sv->{±, ttj&is 
mi imbVimbcoit (tt*&l I/VI Jt) ^;'c§ 

[0028] flfe:^r, JSttii4at/paMgZnOS55r 
^«S-fr-g>«^. lOtorr (9. 8xl04Pa) 

^'^<r>m.m^^^x^mkmzm\x'%. m^j: 

^c0vStt;i4*^V^{±pMM g Z n oa 5 ^ i: 
ii'iX'^h. Cico*^. J;Oa*t<{±. fm^E. (O2 

■rffl^?iAii-Si>C7)i;-ri.) *nOtorr (9. 8x1 
04 Pa) }ii±b'th<Dl^ii\'^. ^t>\,Z^ pMMgZn 
OJg5^«;SS-frS*&, pSMgZnO«5<:0±m^ 

i:T-g?«:X«f6^^$ h^znuth Z b . t 

h izmmXh I. S e 1 1 < <iT e SSIA-Ti. Z b ifX'^ 

?><ox\ mm^^izxhmEm4<7)i^^wTi:^ 
(i^izmi-t^zbt^x'^^. 

[0029] jjuico i d Lx^9emm i o co^:K3&«*i 
T-rtnf, mmim^y-y^'y^. ^Lxx.-yi-y^L 

tz^k. 04 cO^HtCS^f i a {C, I n j; 0 =5:^. pM« 
fill 1. Au j:'9^i.nSmfi&l 2 2rm-r-l.i:i:i> 

tc. y^i^yyiM^i&x. #««fiitcA 1 iBiH^ifi^ 

.1 fc J: 0 Z n o^^»#:^«^^$r#S ^ i: 

7\aXaiL(±. ±t L-CpMMgZnOJ15M*'^>tT 
dClhfc^irS, H4-e{4. pSmSil 1 <?D?^«ffii^*»^. 
{43feIXai L.*^'-C# ^v^Jti6. H 5 {c^i" J: o tcvg'M4 
^ttXpMM g Z n 0« 5 <5D— gPSr :7 =1- y ^5 7 -f — 

mzx ^-rn^Lx . ^ y^y^i^ ■ xxmim ( i t 
o) mi}^t^^j:hm^mM2 3^mm-^-^. m^cop 

SMgZnOJ15±lC{4^JRm®2 2&?^fiXL. -fO 
Sfc, ■9-7r-<r««2 1 i:t ^-^^-tixJfZn 

^b Lxmm^y r -i rmm i ora*»^.it'5r3 i t 

[iaB<^fS*5rSiBH] 

[HI] *%BBtfOZ n Ol^^i4c%3e§g^^«^-5SIB^S 
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